The paper investigates risk attitudes among different types of individuals. We use several different measures of risk attitudes, including questions on choices between uncertain income streams suggested by Barsky et al. (1997) and a number of ad hoc measures. As in Barsky et al. (1997) and Arrondel and Calvo-Pardo (2002), we first analyse individual variation in the risk aversion measures and explain them by background characteristics (both "objective" characteristics and other subjective measures of risk preference). Next we incorporate the measured risk attitudes into a household portfolio allocation model, which explains portfolio shares, while accounting for incomplete portfolios and fixed costs. Our results show that a measure based on factor analysis of answers to a number of simple risk preference questions has the most explanatory power. The Barsky et al. (1997) measure has less explanatory power than this "a-theoretical" measure. We provide a discussion of the reasons for this finding. Fixed costs turn out to provide an economically and statistically highly significant explanation for incomplete portfolios.
Introduction
This paper exploits direct measures of risk preferences in a model of household portfolio allocation. There are two main motivations for this. The first one is that if heterogeneity in risk preferences is important then empirical portfolio models should take this into account. The second motivation is that economic theory has a fair amount to say about how risk preferences should influence portfolio allocation. Having direct measures of risk preferences should therefore help us in better testing the validity or predictive power of economic theories of portfolio allocation.
Empirical analyses of portfolio choice of households or individuals appear to indicate that observed choices are often inconsistent with standard asset allocation models. As a consequence, several studies have focused on empirical failures of portfolio theory. The greatest failure is perhaps the fact that the majority of individuals do not hold fully diversified portfolios (Campbell, 2006) , although the percentage of households holding risky assets has increased over the last decade (Haliassos and Hassapis, 2002) . Potential explanations for the fact that many households do not hold stocks may be the costs of stock market participation (Vissing- The sub-optimal degree of international diversification known as "home asset bias" is potentially another empirical failure. Although the ongoing globalization and international integration processes are contributing to a lowering of its magnitude (Baele et al., 2007) , this phenomenon has been analyzed extensively (see among others Poterba, 1990, 1991; Cooper and Kaplanis, 1994; Glassman and Riddick, 2001; Jermann, 2002) . Possible reasons for the over-investment in domestic assets have been identified in different transaction costs between countries Werner, 1994, 1995 (Gelon and Wei, 2005) , trust , real exchange rate volatility (Fidora et al., 2007) , behavioral biases (Strong and Xu, 2003) , and investors' financial illiteracy (Graham et al., 2005) .
A more fundamental piece of evidence against the rational model of portfolio allocation is provided by Benartzi and Thaler (2001) who find that the allocation of investors is heavily dependent upon the choices offered to them. Roughly speak-2 2 ing, if they are offered n choices they tend to allocate 1 n of their investment to each of the choices offered, irrespective of the risk characteristics of the investment opportunities.
Although these findings suggest that the rational model of choice is unable to explain several empirical phenomena, it is often hard to determine in more detail what the underlying cause of disparities between theory and empirical facts may be. The connection between theory and empirical evidence is often tenuous, because too many intervening factors may explain why theoretical predictions are not borne out by data. For this reason some authors have turned to more direct, subjective evidence on preferences to reduce the distance between theory and empirical facts. A prominent example is the paper by Barsky et al. (1997) who elicit several pieces of subjective information to improve our understanding of intertemporal choice and portfolio allocation by using US data. More recently, Iezzi (2008) uses a risk aversion measure coming from a subjective question in the Bank of Italy households survey, and explicitly accounts for potential misclassification between the true and the observed risk aversion.
In this paper we also aim to exploit subjective information to construct empirical micro-models of portfolio choice. In contrast with the work by Barsky et al. (1997) , and Arrondel and Calvo-Pardo (2002) who adapt the same methodology to French data, our model will be a formal structural model of portfolio choice, in which we consider several different measures of risk attitude. One measure is based on hypothetical choices between uncertain income streams in a Dutch household survey, and closely related to the aforementioned work by Barsky et al. (1997) , and Arrondel and Calvo-Pardo (2002). The Barsky et al. (1997) measure has a nice direct interpretation if individuals have CRRA preferences. We will find however, that the measure also has theoretical and empirical problems. Hence we also consider alternative measures of risk attitude. We relate the different measured risk attitudes to observed portfolio choices of households. To deal with incomplete portfolios, we allow for fixed costs of ownership of certain types of assets, which can endogenously generate corner solutions in portfolio allocation. Thus, we formulate and estimate a utility consistent choice model, incorporating subjective measures of risk aversion. The model is closely related to rational portfolio theory and seems to do a reasonable job in describing differences in allocation across individuals who differ in socio-economic characteristics, wealth, and risk attitudes.
The paper is organized as follows. In the next section we describe the data we use in the empirical analysis. In Section 3 we present descriptive statistics on the various risk attitude measures and how they are related. Section 4 describes the portfolio composition of households. Section 5 formulates a simple static asset allocation model with fixed costs. Section 6 presents the empirical results. Section 7 concludes.
2 Data on risk aversion and precaution and how they were collected
The data used in this paper have been collected from the households in the so-called CentERpanel. The CentERpanel is representative of the Dutch population, comprising some 2000 households in the Netherlands. The members of those households answer a questionnaire at their home computers every week. These computers may either be their own or a set-top box provided by CentERdata, the agency running the panel. 1 In the weekend of June 11-15 of 2004 a questionnaire was fielded with a large number of subjective questions on hypothetical choices. The questionnaire was repeated in the weekends of July 9-13 and August 20-24 of 2004 for those panel members who had not responded yet. For this paper we exploit the section involving choices over uncertain lifetime incomes. We merge these data with data from the DNB Household Survey (DHS), previously known as CentER Savings Survey. The DHS collects information on assets, liabilities, demographics, work, housing, mortgages, health and income, and many subjective variables (e.g. expectations, savings motives) from annual interviews with participants in the CentERpanel. Typically the questions for the DHS are asked in May of each year, during a number of consecutive weekends.
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In the next subsections we discuss three measures of risk aversion elicited from the respondents in the sample.
Choices of uncertain lifetime income
Our first measure is based on a number of questions involving choices over lifetime incomes. This methodology, taken from Barsky et al. (1997) , allows us to rank individuals with respect to their risk aversion without having to assume a particular functional form for the utility function.
In the Barsky et al. (1997) experiment, questions are posed to all respondents in the Health and Retirement Study, consisting of individuals aged over 50. Arrondel and Calvo-Pardo (2002) asked the same questions to a representative sample of French households. In our case, the questions are asked to people who have a paid job (with the exclusion of the self-employed), look for a job either for the first time or after having lost one, and to students.
The structure of the questions is depicted in Figure 1 . In the first round, respondents are asked the following question:
Suppose your medical doctor advises you to move house because of an allergy. You follow his advice and it turns out you have to choose between two jobs. Both jobs are comparable in terms of working hours, but one job is more secure than the other.
In the first job there is a guarantee that you will have the same income for the rest of your life. You know that your net income per month will be Y for as long as you work.
In the second job you may earn more, but your income is less secure as well. There is a 50% chance that your income will be twice as high (2xY ). But there is also a 50% chance that you will earn much less and that your income will be 0.7xY .
In both cases it is assumed that the income of other household members (if any) remain the same. Also assume that there is no inflation. In other words: in the future the value of the euro is the same as it is now.
Which of the previous mentioned jobs would you prefer? 1 job1: the job that guarantees your income of Y .
2 job2: the job in which there is a 50% chance that you will earn 2xY , but also a 50% chance that it will be 0, 7xY for the rest of your life.
Various quantities in the question vary per respondent, exploiting the computerized nature of the interviews. The quantity Y is the respondent's own selfreported net personal income. 2xY is twice the respondent's income; 0.7xY is personal income times 0.7, etc. This is in contrast to the experiments by Barsky et al. (1997) and Arrondel and Calvo-Pardo (2002) , in which the incomes were the same for all individuals. Obviously, the question involves a choice between a certain and an uncertain outcome: the former is given by the actual income the respondent receives (Y ), the latter is a 50-50 gamble over a good outcome (2xY ) and a bad outcome (0, 7xY ).
In the second round each individual is asked a similar question. If she has chosen the certain outcome (Y ) in the first round, she now faces another choice where the 5 risky outcome is more attractive. The 50-50 gamble now involves 2xY and 0.8xY (0.8 times income). If she has chosen the risky prospect in the first round, she is now asked to choose between her income for sure and a less attractive gamble, i.e. 50% chance of 2xY and 50% chance of 0.5xY . Similarly, in the third round the gamble becomes more attractive for those respondents who have once again chosen a certain income stream in the second round (the 50-50 gamble now involves 2xY and 0.9xY ), and less attractive for those respondents who preferred the risky choice (the 50-50 gamble now involves 2xY and 0.25xY ).
The answers to the questions allow us to identify six groups ranked from most risk averse to least risk averse (or equivalently from least risk tolerant to most risk tolerant; we will generally denote the variable defined by the six classes as "risk tolerance"). Both the Barsky et al. (1997) and Arrondel and Calvo-Pardo (2002)'s study involve only two rounds of questions rather than three as ours. For comparison we temporarily combine the two most extreme groups into one. Thus we have four categories of individuals, from I to IV, where the I-group is the union of the 1 and the 2 groups and the IV-group is the union of the 5 and 6 groups. We can then compare the risk tolerance across the three studies. A comparison between France and the Netherlands on the basis of the complete age range suggests that there is a greater spread of risk aversion in the Netherlands than in France. The Dutch respondents are more heavily represented in the two extreme categories (almost 55% of the Dutch belong to the most risk averse group compared to 43% of the French, whereas 8% of the Dutch belong to the least risk averse group compared to 6% for the French). Summing the percentages of the first two groups and the percentages of the last two groups respectively, suggests that the Dutch are less risk averse than the French (only 74.3% of the Dutch belong to the first two groups compared to 82.5% of the French, whereas 27.5% of the Dutch belong to the last two groups compared to 17.5% of the French).
Considering the sub-samples of respondents over 50, it appears that the Americans may be slightly more risk tolerant than the Dutch. Compared to the Dutch and the Americans, the French appear to be most risk averse. 
Risk attitude measures based on principal components
The DHS-questionnaire contains six direct questions about investment strategies. They are reported in the top panel of Table 2 . Respondents can express their agreement or disagreement with these statements on a seven point scale (1 means "complete disagreement" and 7 means "complete agreement"). In addition the DHS also contains 16 questions about savings motives. The bottom panel of Table 2 reproduces two of them that are related to precautionary motives and uncertainty. As previously, answers can be given on a 1 to 7 scale, where 1 means "very unimportant" and 7 means "very important".
We apply a factor analysis to our sample (n = 1220) in order to determine the factor structure of these eight indicators of risk aversion and precaution. The factor analysis is a principal components analysis (PCA), with varimax rotation, where the extraction method is based on eigenvalues greater than 1. It turns out that three underlying factors can explain most of the variance in the answers. 4 The factor loadings are presented in Table 2 . The largest factor loadings in each column are highlighted in bold face. We mark by "R" the statements whose score has been reversed to make all the statements consistent. We note that "Factor 1" and "Factor 2" mainly explain the six investment strategies' variables, whereas "Factor 3" mainly explains the precautionary motives and uncertainty variables. In view of the wordings of the eight items, we interpret the first two factors as measures of risk aversion and the third factor as a measure of precaution. We then refer to the three extracted factors as "Riskav1", "Riskav2" and "Precaution", respectively. In general, we would expect "Precaution" to play a role in savings decisions whereas "Riskav1" and "Riskav2" should affect portfolio choice.
Direct questions on precaution and risk aversion
The third type of subjective measures are derived from an alternative set of questions. As before, the respondents can express their agreement or disagreement with a number of statements on a seven point scale (1 means "complete disagreement" and 7 means "complete agreement"). For our purposes, we select the following ones:
3 Analysis of the subjective risk aversion measures In general, for all the three sets of variables the vast majority of the respondents fall in the most risk averse categories. The table suggests that females are slightly more risk averse than males, and have a stronger precautionary motive. The difference in means is (strongly) significant for all the variables but Care1, and rather small. Moreover, better educated individuals are generally less risk averse: the differences in risk tolerance between the three levels of education are statistically significant. However, considering Riskav1 and Riskav2, education has a significant effect for Riskav1 only. The small number of observations for the self employed does not allow for statistically significant differences by employment status.
How are the subjective measures related?
A simple way to assess how informative the different subjective measures of risk aversion are consists of examining their intercorrelations ( Table 4 ). The first thing to bear in mind is that the three measures extracted from factor analysis (Riskav1, Riskav2 and Precaution) are orthogonal to one another by construction. Risk tolerance is negatively and significantly (at the 1-percent level) correlated with all the other measures but with Precaution (correlation is positive and insignificant) and Care1 (negative and insignificant). These findings are as expected. First, Risk tolerance, Riskav1 and Riskav2 capture risk aversion more directly than any of the other subjective measures: both the high value of the correlation coefficients and 8 the significance level may reflect this. Second, the negative sign is in line with the information conveyed by the measures. Precaution is positively and significantly correlated with both Care1 and Care2.
Determinants of the subjective risk aversion measures
We consider a number of variables that can potentially affect the risk aversion measures. A full description of their definition is given in Table A1 in the appendix. In addition to the usual background characteristics, like gender, age, education level, we control for both household income and household total financial wealth. Table 5 reports the estimation results from ordered probit and OLS regressions. Females are significantly more risk averse, cautious and careful than males. This is consistent with our priors and with the literature on risk preferences (e.g. Levin et al., 1988; Barsky et al., 1997; Iezzi, 2008) . Age is strongly and positively related to both risk aversion and to being careful and cautious. Education mainly plays a significant role for the risk tolerance measure: higher educated individuals are more likely to be risk tolerant. Household income turns out to be totally insignificant in all regressions. Household total financial wealth is negatively related to the first risk aversion measure, but positively affects the level of self-reported carefulness and precaution.
Assets and liabilities
The DHS collects extensive information on assets and liabilities. Respondents are asked for ownership and quantity of different categories of assets, both real and financial, and of liabilities and mortgages. Table A2 in the appendix reports data on financial assets at the household level. We group assets in categories that are somewhat homogeneous with respect to their risk profile. We have indicated the category an asset belongs to by NR for non-risky assets, by R for risky assets and by O for other assets. Non-risky assets are checking accounts, savings accounts, deposits, and insurances. Risky assets are defined as the sum of growth and mutual funds, options, stocks and business equity. Other assets are the sum of real estate, mortgage, bonds, money lent out and financial debt. Obviously, the other assets also carry a certain amount of risk. The table presents relative frequencies of ownership, mean values and shares of each asset category in the total portfolio. Checking accounts, savings accounts, deposits, and insurances are held by 98.5% of the sample. This safe asset makes up more than 60% of average financial wealth in the sample. Business equity is another sizeable component of financial wealth, 9
although it is only held by 4.7% of the sample. Generally, the households in the sample use very little credit: Financial debts amount to slightly more than 10% of total financial assets (and hence financial wealth is close to 90% of total financial assets). Only 5% of the sample holds bonds and/or mortgage bonds, whereas 16% holds stocks; 21.7% of the sample holds growth or mutual funds. Of course the group of stock holders overlaps with the owners of mutual funds or growth funds. 30.4% of the sample households have stocks and/or growth and mutual funds. Clearly, for most households real estate (usually the primary residence) dominates the portfolio. Financial assets are only 23% of total assets and financial wealth is only 20% of total wealth. At the aggregate level, non-risky assets are basically 60% of average financial wealth whereas risky assets represents only 20% of mean financial wealth. Moreover the percentage of people owning risky assets (39.1) is less than half of that of people owning safe assets (98.5). Other assets are widely owned in the sample (81.7%). Tables 6 and 7 provide a first impression of the explanatory power of the subjective risk aversion measures in determining ownership of risky assets and their shares in total financial wealth. Table 6 shows that both the Barsky et al. (1997) risk tolerance measure and the psychometric indexes Riskav1 and Riskav2 contribute significantly to an explanation of ownership of risky assets. The ad hoc measures Care1 and Care2 are not statistically significant. Table 7 provides a similar picture with respect to an explanation of shares in total financial wealth, although now also Care2 is significant. The samples used for the three different risk aversion measures differ in size so that a comparison may be contaminated by differences in sample. Table 8 
Classical theory of portfolio choice
Our empirical model follows a simple standard model of portfolio choice (see e.g. Gollier, 2004) . A consumer's choice problem is to select a vector of risky assets that maximizes expected utility. We provide the derivation of the optimal portfolio for this case. Consider a k-vector of assets, where the first asset is riskless and the remaining (k − 1) assets are risky. Let µ be the (k − 1)-vector of mean excess returns of the risky assets and Σ the variance covariance matrix of the excess returns. Let W be begin of period wealth, r is the riskfree interest rate. The (k − 1)-vector α 10 denotes the quantities invested in the risky assets, with stochastic returns given by the vector x 0 . Let ι be a (k − 1)-vector of ones. Then ι α is the amount of money invested in the risky assets and W − ι α is the amount invested in the riskfree asset (No non-negativity restrictions are imposed). Consumption z is equal to the value of the assets at the end of the period. Thus consumption is:
where w 0 = W (1 + r) and x = x o − r.ι . We assume x to be normally distributed, so that x ∼ N (µ, Σ). The consumer wants to maximize the expectation of end of period utility subject to (1) by choosing α optimally. We assume a utility function of consumption characterized by constant absolute risk aversion; i.e. the utility of a consumption level z is equal to u(z) = − 1 A exp(−Az), where the parameter A is the coefficient of absolute risk aversion. Inserting (1) in the utility function, neglecting the multiplicative constant A, and taking expectations yields
Maximizing (2) with respect to α yields:
An econometric model of portfolio choice with fixed costs
As mentioned in the introduction, transaction costs (e.g. brokerage fees, bid-ask spreads, taxes, fund loads, or information costs) have been considered as an explanation of both non-fully diversified portfolios and reduced portfolio size, at least for small investors. Our interest will be in ownership and portfolio shares of a number of asset categories that vary in riskiness. We want to allow for other factors determining portfolio composition than just the distribution of excess returns. To introduce these other factors in a utility consistent way, we replace (2) by
where z is a vector of taste shifters:
where x is a vector of individual (or household) characteristics, B is a parameter matrix, and an i.i.d. error term. We will interpret as representing unobservable variations in taste across individuals. The expression in the exponent of (4) can be written as
where Ψ ≡ A 2 Σ and b ≡ Aµ + A 2 w 0 Σz. This can be written as
which is minimal for
which is a generalization of (3).
We can insert (8) into the formula for the utility function (4) to obtain the optimal value of the utility function. In principle we can insert any value of the vector α in the utility function and compute its utility value. If portfolios are incomplete then some elements of α will be zero. The utility function can be used to compare the value of different incomplete portfolios and thus we can determine which incomplete portfolio would yield the highest utility. As noted before, a major reason why portfolios are incomplete may be fixed costs. A straightforward interpretation of fixed costs is that it acts like a reduction of w 0 . So consider a particular portfolio 12 combination i. In our case i takes on four values: i = 1: a household only has safe assets; i = 2: a household has safe assets and risky assets; i = 3: a household has safe assets and other assets; i = 4 : a household has all types of assets (safe, risky, and other). Let the corresponding fixed costs of ownership of a particular asset combination be f i , then we replace w 0 in the utility function by w 0 − f i . By comparing the value of the utility function for each combination i, an individual then can choose the asset combination with the highest utility. Appendix A contains the derivation of the utility for each case and also discusses identification of parameters.
Here we just note that by considering the utility of the various asset combinations, we can estimate the parameters in the matrix B in equation (5). Furthermore we can obtain estimates of the quantities κ 1 ≡ are the diagonal elements of Σ. In other words we can interpret κ 1 and κ 2 as standardized (i.e. divided by the standard deviation) expected excess returns of respectively the risky asset and the other asset.
Empirical results
In this section we present estimation results for the model explaining the different regimes, for the three different risk aversion measures introduced in Section 2. Since the scale of the measures is not a priori defined (perhaps with the exception of the Barsky et al. (1997) measure) and to guarantee that the risk aversion measures are positive for all observations, we adopt the following general specifications for the relative risk aversion measure R = Aw 0 . The general specification is of the form:
where in the case of the Barsky et al. (1997) measure
while for Riskav1 and Riskav2 we specify
and for Care1 and Care2 we define
Moreover, we have normalized the variables Risk aversion, Riskav1, Riskav2, Care1 and Care2 so that they all have mean zero and standard deviation equal to 13 one. Together β and γ determine the variation of the risk aversion measures. Clearly (1+γ) determines the range of values that the risk aversion measures can take, while β influences the distribution of the risk aversion measure within that range. The parameter λ weights the components of the risk aversion measures for the factor analysis case and the case where we use the direct measures Care1 and Care2. Table 9 presents the estimation results for the three different risk aversion measures. Log-income, gender and age are used as taste shifters. The fixed costs for each case are made a function of education level, to allow for the fact that possibly access to the markets for risky or other assets are easier for individuals with a higher education. These individuals may already have more information, or they may be less daunted by the complexities of some of the financial products. To avoid situations where the fixed costs are higher than own wealth, we have have parameterized fixed costs as follows:
where i = F, S, B, as before. C i is the full fixed cost of owning asset portfolio i. So, if someone's wealth is less than C i , then we set w 0 − C i = 0. This will still effectively prevent an individual from acquiring portfolio i. Finally we note that during the Maximum Likelihood estimation, the variance of i (cf. 5) converged to zero. So no estimate for the variance-covariance matrix of i is presented. The number of observations varies across specifications. Since the Barsky et al. (1997) questions are only asked to respondents who currently have a job, the number of observations is particularly low for the specification using this measure. Furthermore, it turned out that the effect of the age dummy for 65+ for the second taste shifter was not identified, due to insufficient observations in this age category that either had portfolio S or B.
We first concentrate on the results for the direct measures and the factor analytic measures (see columns 3 and 2, respectively). The Barsky et al. (1997) results will be discussed below. Recall from equation (5) that ceteris paribus a larger value of x 1 β 1 implies a greater budget share for the risky asset; similarly if x 2 β 2 is larger that indicates a taste for a bigger share of the other asset; if both x 1 β 1 and x 2 β 2 are large then there is a preference for both the risky and the other asset (also see (33) , (34) , and (29)). Concerning these taste shifters, we note that gender has a minor effect. For x 1 the effect is essentially zero while for x 2 the effect of being female is slightly negative; that is, females are less likely to hold other assets or both the risky and other assets. Not surprisingly, the likelihood of owning risky or other assets appears to increase with age. Income has a highly significant effect on owning the other 14 asset or both the risky and other assets. Its effect on only owning the risky asset is negligible. The paramaters κ 1 and κ 2 are not very accurately estimated, so we refrain from an interpretation. The value of λ implies that the effects of Riskav1 and Riskav2 are very similar; we also note however that Care2 ("I am careless with money") is more important than Care1 ("Being careful with money is an important character trait"). Turning to the effect of fixed costs, we see that these are highly significant, with relatively minor roles for education. Having a higher education reduces the cost of having other assets (or both other and risky assets) somewhat. This finding is in line with Guiso and Jappelli (2008) who find a positive association between portfolio diversification and level of education. The estimate of ρ is not significantly different from zero, suggesting only weak correlations in the returns of the risky and other assets, at least as perceived by individuals.
Let's now consider the estimates using the Barsky et al. (1997) measure. The estimates for this specification are quite different from the estimates for the other two specifications, and not many estimates are statistically significant. Partly this may reflect the limited number of observations. We observe very high fixed costs and almost equally high negative effects of education. This may not tell us much more than that not many households in the sample with a low education are observed to own other assets or both the risky and other assets. In fact, the maximum likelihood indicated a singular Hessian. This is reflected in the fact that no t-value has been computed for the effect of higher education on fixed costs. Indeed, the tvalues associated with the fixed costs for owning both the risky and the other assets suggest numerical problems, so we should take these estimates with precaution.
Conclusions
We have explored the explanatory power of a number of different subjective measures of risk aversion for the explanation of portfolio choice. The variable Risk tolerance, which has the firmest grounding in economic theory, appears to have little explanatory power. There are a few different possible explanations for this. First of all, the question is quite complicated and many respondents may have a hard time understanding the exact meaning of the question. Secondly, the question conditions on a respondent's current situation. So for instance a risk tolerant individual with a risky portfolio may be induced to choose a safe income stream, since she is already exposed to considerable risk. Conversely, a risk averse individual with a very safe portfolio can afford to choose a riskier income path. In both cases the observed 15 relationship between the measured risk tolerance and portfolio choice is attenuated. The variables Riskav1 and Riskav2 extracted from a factor analysis of ad hoc measures appear to be doing considerably better in terms of explanatory power, both for total assets and for financial assets. Interestingly, in the model for financial assets the measures Care1 and Care2 also contribute significantly to the explanation of portfolio shares. In fact, as Table 8 shows, these ad hoc measures seem to do as well as the Barsky et al. (1997) measure in explaining portfolio choice. This reinforces the notion that intuitive ad hoc measures may be more powerful in explaining portfolio choice than theory based, but complicated, risk tolerance measures.
Thus, the paper provides evidence that individually measured risk preference variables help explain portfolio allocation in line with economic theory. Perhaps surprising to economists, simple intuitive measures of risk preferences appear to be more powerful predictors of portfolio allocation than more sophisticated measures with a firmer basis in economic theory. Yet, for empirical analysis this may be good news. The ad hoc questions are much easier to ask and demand considerably less imagination of respondents, which may be exactly why the simple measures work better.
The modeling of incomplete portfolios by introducing fixed costs is relatively straightforward. So far we have restricted ourselves to just three broad group of assets. The set-up can be easily generalized to more than three assets. Table 2 : Factor analysis of the risk aversion and the precautionary motives scales using PCA with varimax rotation -Answers coded in a 1 to 7 scale, from "very unimportant"to "very important" -(R) denotes the statements whose score has been reversed to make all the statements consistent (from the most to the least risk averse / prudent) -The largest factor loadings in each column are highlighted in bold face [B]
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[C]
Characteristic Risk tolerance Riskav1 Riskav2 Precaution Care1 Care2 (R) N.Obs. The alternative measures of risk aversion are defined in Section 2 The alternative measures of risk aversion are defined in Section 2 By inserting (8) into the formula for the utility function (4) we obtain as the value of the utility function in the (interior) optimum:
Gender

APPENDIX
We note that for this expression to make sense the expression must by increasing in w 0 . The expression in the exponent is quadratic in w 0 . For V * to be increasing in w 0 we need
Now consider the value of the utility function for incomplete portfolios, i.e. where some of the elements of α are zero. It will be convenient to define a selection matrix that selects the elements of the portfolio that are zero. Let
 is a permutation of I k−1 , the (k − 1) x (k − 1) identity matrix. The matrix S selects the elements of α which are zero and D selects the elements of α which are non-zero. Some useful properties of S and D are:
Using this notation the exponent of the utility function (7) can be written as
If we impose that S α = 0, we can again write equation (17) as a quadratic expression in the unrestricted asset quantities D α. Consider the quadratic expression in (17) and adopt temporarily the following simplified notation: (17), we obtain for the value of the utility function
Now consider a regime i with non-zero risky assets D i α, while the vector of assets S i α is zero. Let the corresponding fixed costs of ownership of that particular asset combination be f i . A fixed cost can be seen as a reduction of w 0 . Note that w 0 also appears in the expression for b (see below (6)), so we also index b by the regime by writing b i . The utility of regime i is therefore
For completeness, we also write (20) in terms of the original parameters:
In this expression the vector z is a random variable and hence (21) is random. For concreteness we restrict ourselves to the the case where k = 3. This is the case for which we will estimate the model, although in principle one can easily generalize our approach to k > 3. For simplicity, let us define the following quantities:
It is useful to note that 2 . The notation is such that the subscript 1 for µ and y denote the first element of the corresponding vectors; however the subscipt F for f and c refer to the fact that this is case B where the first risky asset is in the portfolio.
C -The safe asset and the second risky asset are in the portfolio. Denote the utilities of the four regimes by U A , U B , U C , U D , respectively. As in Van Soest (1995) we add random error terms to the four utilities as follows
where the ζ i are independent and extreme value distributed. Thus the probability that we will observe case i is equal to
Note that U i depends on the random variables k (k = 1, 2), cf. equation (5) . We have to integrate these random variables out, but that can be done in the usual way through simulation. 33
Let n index an observation: n = 1, ...N . Then the general form of the likelihood conditional on the error terms is
Suppose that for each observation we draw R times from the distribution of ni , then we approximate the log-likelihood by
where nir is the r-th drawing for observation n.
It is useful to reparameterize the model so as to obtain better insight into the identification properties. Define the following quantities: We note that
Recall that z = Λx + . Thus we can write QP z = QP Λx + QP ≡ Bx + u, with B = QP Λ and u = QP . Thus we can also write
